THE ROYAL AERONAUTICAL SOCIETY 
WITH WHICH IS INCORPORATED THE INSTITUTION OF AERONAUTICAL ENGINEERS. 


MONTHLY NOTICES, 
FEBRUARY, 1942. 


Annual and Special General Meetings. 


Below are printed formal notices of the Annual and Special General Meetings. 
On account of the shortage of paper further notices will not be sent to members. 
Annual General Meeting. 

NovIcE IS HEREBY GIVEN that the Annual General Meeting of the Royal 
Aeronautical Society, with which is incorporated the Institution of Aeronautical 
Engineers, will be held on Saturday, March 28th, 1942, at 2.30 p.m., at the 
Offices of the Society, No. 4, Hamilton Place, London, W.1. 


AGENDA. 


. To read the Notice convening the Meeting. 

. To receive and deliberate upon the Report of the Council on the state of 
the Society and the Balance Sheets of Aerial Science Limited and 
Aeronautical Trusts Limited for the year ended December 31st, 1941. 


. To receive the nominations for Council for the years 1942-1944. 


. To elect the Auditors for the ensuing year for Aerial Science Limited and 
Aeronautical Trusts Limited. 
. To consider any other business. 
By Order of the Council, 
J. LAURENCE PRITCHARD, 
Secretary. 


Special General Meeting. 
February 1st, 1942. 
NOTICE IS HEREBY GIVEN that a Special General Meeting, under Rule 100, 
of the Royal Aeronautical Society, with which is incorporated the Institution of 
Aeronautical Engineers, will be held on Saturday, March 28th, 1942, at 3.30 p.m., 
in the Offices of the Society at No. 4, Hamilton Place, London, W.1, to consider 
the following alterations and additions to the Rules :— 
Rules numbered 3-8c inclusive to be re-numbered and to read as follows :— 
RULE 3. Fellows shall comprise every person who was on the Register on 
March 28th, 1942, as a Fellow of the Royal Aeronautical Society, with 
which is incorporated the Institution of Aeronautical Engineers, and 
every person thereafter elected or transferred into the class of Fellow. 
Rute 4. Election to Fellowship will be made annually by the Council for 
announcement at the Annual General Meeting of the Society in March. 
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RULE 5. Nomination for Fellowship must be received by March 1st each 


year at the latest, for consideration at the March Council Meeting. 
\. Fellow must possess the following qualifications :— 

Rute 6. He shall be twenty-eight vears of age or over. 

Rue 7. He shall be an Associate Fellow or shall have fulfilled the conditions 
necessary for Associate Fellowship. 

Rue 8. He shall have acquired a considerable degree of eminence in the 
profession of aeronautics. 

RULE 11. Delete the words ‘* or serving as a pilot, engineer or navigator 
of aircraft.’ 

RULE 12. Alter the second sentence to read :— 

‘* The Council may exempt a candidate therefrom to the extent to 
which he has passed equivalent examinations; or he may be totally 
exempted when he complies with the conditions of Rule 17.” 

Ru.E 14 (b). Delete the words **. or five vears practical fying as experimental 
pilot.”’ 

RULE 15 (b). Delete the words ** or five years practical flying as experimental 
pilot.”’ 

RULE 17. Alter the words * 
‘* and have a record of meritorious service. 


‘and have a record of distinguished service ’’ to 
RPLE 28 ()). Delete the words ‘* or serving as a pilot, engineer, or navigator 
of aircraft.’’ 


RULE 29 (d). Delete. 
RULE 29 (e) and (f). Re-number Rules 29 (d) and 29 (c) respettively. 
By Order of the Council, 
J. LAURENCE PRITCHARD, 
Secretary. 


Light refreshments will be served after the Meeting. 


Council Election. 


Attention is drawn to the following Rules for election of Council. Nominations 
for Council should be received by Monday, March 2nd, 1942. Nomination forms 
may be obtained from the Secretary. Attention is drawn to possible delays in 
the post at the present time. 

RULE 71. One half of the Council (excluding the President and the Immediate 
Past-President if a member of Council) shall retire annually. ~The 
members who shall retire shall be those longest in office, except as 
provided in Rule 77. Retiring members of Council who have served for 
two terms in succession (four years) shall not be eligible for re-election 
until the next annual election, when they will be eligible. 


RULE 72. The composition of the Council shall be as follows :— 

(a) Not less than sixteen shall be elected from the technical or scientific 
grades of the R.Ae.S., that is to say, from among the Fellows, 
Associate Fellows, Associates and Graduates. 

(b) Of these sixteen, four at least shall be Fellows. 


RULE 73. Nominations of candidates for election to the Council must be 
received by the Secretary not less than twenty-one days before the 
Annual General Meeting, with an intimation in writing by the candidates 
that they are willing to serve. Nominations must be signed by one 
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supporter and two seconders, who must be each entitled to vote in the 
R.Ae.S. 


Wright Brothers Lecture, New York. 

The Wright Brothers Lecture was read on December 17th, 1941, in New 
York, before the Institute of the Aeronautical Sciences by Professor R. V. 
Southwell, Fellow of the Society. The following telegrams were sent on that 
occasion :— 

To Lester Gardner, Institute of the Aeronautical Sciences. 

‘*On behalf of my Council and all members I convey to you on the 
occasion of the reading of the Wright Brothers Lecture by our distinguished 
member, Professor Southwell, our best wishes for a successful meeting. On 
this particular occasion I would add how profoundly we are all moved by 
the fact that members of the two societies are now in it all the way until 
the freedom of mankind and peaceful flight are assured to us all. 

(Signed) GRIFFITH BREWER, President.”’ 


To Lester Gardner, Institute of the Aeronautical Sciences. 


‘* Please extend to Professor Southwell my cordial greetings and an 
expression of my belief that the aeroplane which in the hands of barbarous 
men has been doing England and the world inestimable harm will yet be 
instrumental in establishing for the entire world a guarantee of human liberty 
and of lasting peace. 

(Signed) OrvILLE 


Thanks to Members. 

The President and Council wish to thank those many members, who, on the 
occasion of paying their subscriptions, have taken the opportunity of sending 
their best wishes to the Society during these difficult times. 

Practically every member of the Society is engaged on important war work, 
in the Services or in the Industry. The Society itself is also playing a considerable 
part about which it is not yet at liberty to speak, on account of censorship 
restrictions. But members may rest assured that, though little may be said, 
every opportunity has been taken to enable the Society to play a steadily increasing 
part in the war effort, and to plan for a rapid and uncensored increase in its 
activities on the declaration of peace. 

Although an emergency address has been notified in the JournaL from time 
to time, the work of the Society has been carried on since the beginning of the 
war at No. 4, Hamilton Place, W.1. Certain precautions have had to be taken, 
as the moving of about half the library and furniture into the country, and the 
storing of the more valuable books in a third place. The whole of the Council 
Minutes, from 1866 to date, have been completely duplicated on films as they 
constitute an irreplaceable record. duplicate set of members names: and 
addresses is also kept in the country against an emergency. 

The work of the Society is being carried on by a staff which is less than 
one third of what it was at the beginning of the war. 


Journal Binding. 
The following is a list of revised prices for binding the Society's JoURNALS :— 


1941 Volume, including Library Catalogue ... ue Ge Gh 
ig4t Volume, excluding Library Catalogue ... 
Previous Volumes “Gb. Gil 


5s. od. 
JourNats should be sent direct to the Lewes Press Limited, Friars Walk, 
Lewes, Sussex, and the remittance to the Society. 


Binding Library Catalogue separately from the JOURNAL ... 
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Annual Subscriptions. 


Members are reminded that their subscriptions are due on January Ist, 1942. 
The following are the current rates :— 


Home. Abroad. 

Fellows 4 4.0 3 
Associate Fellows 6 
Graduates (age 21-25) 223 06 2 2 0 
os (age 26-28) 2412 6 212 6 
Students rt xz 6 
Companions 22 °0 


* £1 1s. od. without JovRNAL. 


Election of Members. 


Associate Fellows. Alan John Clark (from Graduate); William Patrick 
Ingram Fillingham (from Graduate), Peter Fortescue, Donald Hill 
(from Student), Nicholas John Hoff, Reginald Charles Jordan, 
Anthony Basil Pippet (from. Student), Francis Joseph Mary Pryer. 


Associates.—Albert Leonard Bryant (from Student), John Ernest Coxon, 
Rowland Harrison Nettell,: Alan Bryce Robertson (from Student), 
William George Williams. 


Graduates.—Thomas Edward Garth Bowden, Ernest Charles Clear Hill 
(from Student), Noel Reginald Fortescue Mortimer, Leonard Smith 
(from Student). 

Students.—Thomas William Aynsley, Raymond Edwin Cooper, Francis 
Victor Davies, Bennett Isherwood, Gabriel Lancaster, Robert 
Adrian Marle, Alfred Charles William Rattle, Stanley Renew, 
Alexander Wake Seton, Frank Gordon Simpson, Trevor Harry 
Thornton, Raymond Wilks. 

Companions.—William Edmund Hick, Walter John Revill Stocks (from 
Student). 


Graduates’ and Students’ Section. 


Members of the Graduates’ and Students’ Section are invited to attend the 
following meetings of the Graduates’ Section of the Institution of Automobile 
Engineers, 12, Hobart Place, S.W.1 :— 


Sunday, March 8th, 3 p.m.—Informal talk by L. Pomeroy, Esq.- (Technical 
Editor, The Motor), on ‘‘ Lessons from Continental Cars.”’ 


(Date to be announced later.)—Lecture on ‘‘ Plastics,’’ by the Editor of 
Plastics. 


Any members living in the Loughborough district who would be interested in 
the formation of a group to hold discussions or lectures are asked to write to the 
Honorary Secretary. 


Any member willing to deliver a lecture or having suggestions for discussion 
subjects for the Spring and Summer meetings are asked to write to the Honorary 
Secretary. 


The M.A.P. have withdrawn facilities whereby members were allowed to visit 
factories under their control. 


J. A. C. 
Honorary: Secretary, Graduates’ and Students’ Section. 
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New Year Honours—-Addendum. 
A.F.C. 
Wing Commander G. EK. Watt, B.Sc., D.I.C. (Associate Fellow). 


Additions to the Library. 
Pamphlets in italics, with location reference following in brackets. 
Books marked * may not be taken out on loan. 
B.g.87 and 109.—R.P. Warplanes Booklets :— 
No. 1. Identification of British and Knemy Warplanes. 
No. 2. Interior Details of Warplanes. 
Real Photographs Co. 1941. 1/3 and 1/6 respectively. (PB.5/19 
and 20.) 
BB.a.11.—Aircraft Construction. D. Hay Surgeoner. Longmans, Green. 


1942. 2/6. 
BB.f.45.—<Aircraft Instruments. George E. Irvin. McGraw Hill. 1941. 


C.d.146.—The Airship. Christopher. Sprigg. Sampson Low. 1931. 12/6. 

*G.b.4o.—British Standards Institution: Standard No. 367.  Ceiling-Type 
Electric Fans. 1941. 2/-. (PG.2/16.) 

G.e.D.20.—Plastics and Engineering. Dr. A. Caress. N.E. Coast Institu- 
tion of Engineers and Shipbuilders. 1941. (PG.5.a.6.) 

G.e.F.11.— Rubber as an Engineering Material. British Tyre and Rubber 
Co. 1941. 

I.a.21.—A Course of Pure Mathematics. (7th Ed.) G. H. Hardy. Cambridge 
University Press. 1938. 12/06. 

I.a.22 and 23.—Mathematics for Technical Students. A. Geary, H. V. Lowry 
and H. A. Hayden. Vol. I. 1941. 4/6; Vol. II. 1939. 6/- Longmans, 
Green and Co. 

l.a.24.—Mathematics for Engineers. (2nd Ed.) Raymond W. Dull. 
McGraw Hill. 1941. 35/-. 

J.B.13.—India Meteorological Department: Scientific Notes. Vol. VIII. 
No. 95, Forecasting Monsoon Rainfall in Mysore. V. D. Iyer and 
C. Seshachar. Manager of Publications, Delhi. 1941. 1/-. 

1..d.69.—Air Navigation: Some Problems and their Solution. M. J. Hearley. 
‘Longmans, Green. 1942. 5/-. 

Q.b.62.—National Central Library: 25th Annual Report (1940-1941). 

Q.b.63.—‘‘ Aslib’’ War-time Guides to British Sources of Specialised 
Information: No. 1: Fuel and Allied Interests (excluding Electricity). 
2nd Ed. 1941. 2/6 (3/- to non-members of A.S.L.I.B.). 

*S.b.106.—A.B.C. of the R.A.F. (2nd Ed., enlarged.) Sir J. Hammerton 
(Editor). Amalgamated Press, Ltd. 1942. 2/6. 

T.a.g1.—Count Zeppelin. Margaret Goldsmith. Jonathan Cape. 1931. 7/6. 
*V.7/24.—Institution of Naval Architects. Transactions. 1941. (Vol. 83.) 
*X.e.47.—Institution of Automobile Engineers: Abbreviated List of Members. 

Dec., 1941. 

Y.24.—Tin Research Institute: Publications. No. 107: Hot-Tinning ‘* Diffi- 

cult ’’ Mild Steels. W. E. Hoare and H. Plummer. 1941. 


Books Missing from Library: End of 1941. 
BB.b.19.—Howard: Stresses in Aeroplane Structures. 
L.d.3.—A.P. 1,456: Manual of Air. Navigation. 
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[..j.25.—McKinley : Applied Aerial Photography. 
L.k.2.—R.A.F. Medical Examination for Fitness in Flying. 
S.d.13.—Snowden Gamble. The Air Weapon. Vol. 1. 


It is requested that any member who has inadvertently failed to return any of 
the above books will return them to the Library. 


Members’ attention is called to the following rule :— 


RULE 6.—Any book borrowed must be signed for. Members are not allowed 
to take books direct from the Library. 


J. LauRENCE PRITCHARD, Secretary & Editor. 
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BIOLOGICAL AND AERODYNAMICAL PROBLEMS OF ANIMAL FLIGHT. 
By Houst and DiETRICH KUCHEMANN. 
(Abridged from article in ‘* Die Naturwissenschaft,"’ 13th June, 1941. 
I. 


The recurring discussions regarding human flapping flight (if possible, by 
muscle-power !) have done more harm than good, because they distract attention 
from other more important subjects. 

For example, the need for the faster and larger flying creatures (such as large 
birds) and for high-speed aeroplanes to reduce speed when necessary, without 
corresponding loss of lift. All kinds of ‘* high lift devices *’ have been invented for 
aeroplanes. All are based on the principle of making possible a steeper angle 
of attack or a higher wing-camber, thus giving greater lift without causing eddies 
that would lead to a break-away of the airflow on the upper surface. 

The danger-zones are in the front part of the wing, just behind the leading 
edge, and at the wing-tips, because at both these points there is a distinct drop 
in the speed of flow along the upper surface; these, therefore, are the points 
where the speed is artificially raised by air driven through slits working on the 
nozzle principle (by means of the pressure difference between the upper and 
lower surfaces), which renews the kinetic energy of the airflow on the upper 
surface. These slits—which often are only formed when required—can be placed 
either at the leading edge (slots) or at the trailing edge (split-flaps, Fowler flaps) . 
The effect can, in principle, be reinforced by increasing the number of flaps, but 
this leads to a considerable rise in drag. A similar function is performed by the 
zap-flap, which creates suction under the wing-tip, causing the airflow over it to 
adhere more closely. 

All these high-lift devices are found also among birds. Most people know of 
the ‘‘ thumb-pinion ’’ (Fig. 1A), corresponding to the slot, which is separated 
from the rest of the wing when the bird is setting off and landing (as has been 
proved by high-speed photography). ) 

The procedure of having a number of ‘‘ slots,’’ placed one behind the other, is 
effected in various ways among birds. For example, many species which have a 
closed surface when flying normally, develop openings between the ‘‘ hand ”’ 
feathers on the upward beat when hovering (Fig. 1B). In the case of ‘‘ accelera- 
tion hoverers ’’ (K. Lorenz), the ‘‘ hand ’’ feathers of the spread wing are per- 
manently separated, so that this effect comes into play both on the upstroke and 
on the downstroke. Many larger birds, especially the hovering type, have wide 
openings between the ‘‘ hand ”’ feathers (Fig. 2). 

Anatomical considerations exclude from the bird kingdom such devices as 
Fowler flaps, by which part of the wing is extended downwards at the trailing 
edge, giving at the same time a larger surface, an increase in camber, and a 
slot-effect which causes higher lift. Many birds do, however, make use of a long, 


' c.f. E. Stresemann. ‘‘ Aves’’ (in Handbuch d. Z.. 1931, p. 572). Beautiful pictures, 
particularly of the stork, are also found in K. Lorenz’s article (J.f. Ornithol. 81, p. 
107, 1933). According to his description, one must conclude that the first hand-pinion 
can also fulfil this function (c.f. Hermit Crow). 
Special mention should be made of Lorenz’s comprehensive and unbiased observations. 
His work is certainly the best contribution to the study of bird-flight since Lilienthal, 
although many of the opinions he bases on it cannot be substantiated. 
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deeply forked tail, divided in two at the trailing edge, in order to spread out 
towards the wings. This tendency is found in many different kinds of birds. An 
extreme case is the frigate-bird (fregata), and still more marked is an American 
falcon (Elanoides furcatus), in which the longest tail feather corresponds in 
strength, camber and length with the longest of the very long ‘‘ hand ’’ feathers. 
(Fig. 1c, 1p). The effect of the forked tail, suggested here, was first evolved 
by us theoretically, then watched in swallows and hovering birds. Later we 


Fic. 1. 
High lift devices in birds. 


(a) A pheasant’s wing, showing the gap between the ‘* hand ”’ 
feathers and the spread. thumb-pinion. Below, a section 
taken through the length of the wing. 

(b) Sea-gull in fluttering position; the wings turn about the 
axcs shown by the dotted lines; at the side, a section of 
the wing-tip during the downstroke (forward stroke) and 
upstroke (backward stroke); the direction of airflow is 
shown by arrows. 

(c) Frigate bird (Fregata) and 

(d) Fork-tailed falcon (Elanoides Furcatus), with tuil closed 
and wide open; sectional view at the side. 

(e) A sea-gull landing. In this position the ‘‘arm’’ feathers 
and covering plumage are lifted away from each other, 
forming two separate surfaces. 


(b and e are derived from high-speed photographs.) 
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found in Magnan) a description of a particular attitude of the frigate-bird, 
related by the author with some surprise and no attempt at an explanation, which 
exactly agrees with our own impression. @) 

Observations and high-speed photography of seagulls on the point of settling 
have convinced us that birds have some device akin to the zap-flap. Here, at 
times, the ‘‘ arm ’’ feathers are bent down at such a marked angle, that they are 
separated from the covering plumage, leaving a wedge-shaped opening, as shown 
in Fig. 18. 

The parallels we have drawn between birds and aeroplanes, where high-lift 
devices are concerned, lead us to suppose that a closer study of animal flight would 
reveal new and important ways of using atmospheric forces. Some experiments, 
about which we are not at liberty to speak, are the best proof of this supposition. 


60cm 
gcm 


b 


a 


Pic. 
Outline of a buzzard’s wing, with ** hand’ feathers closed 
and open, together with profile. 
Outline and ** profile ’’ of a dragonfly’s wing (Calopteryz). 


i 8 

Considered from the theoretical and aerodynamical aspect, animal flight presents 
a number of interesting problems. The astonishingly wide range in size of the 
flying animals—from 9 metres wing-span in the extinct saurian Pteranodon, down 
to 2 mm. and less in insects—and the equally wide range in speeds—from a maxi- 
mum of approximately 200 km/h in the peregrine (falco peregrinus) and over 
too km./h, in a number of birds, down to 4-5 km./h. or less in certain insects— 
affects the Reynolds numbers which come into question where flying creatures are 
concerned. 

The Reynolds number R=pvl/u (where v=speed, 1=wing-chord, p=density 
of the medium and yp its viscosity) (in air, p/p, at room-tempereture =approxi- 
mately 15.10~® m.*/sec.), represents the ratio of inertia forces to viscosity forces. 

Its importance consists in the fact that the laws of fluid motion are radically 


* According to A. Magnan (‘‘ Le Vol des Oiseaux et le Vol des Avions,’’ Paris, 1931, p. 131), 
the frigate-bird is able to rise suddenly, without any perceptible motion of. its wings, 
when its tail is spread wide out (‘‘ tres etalee et grandement echancree ’’). 

* Of course, many types of forked tail (for example, those which are loosely and lightly 
built) have biological, rather than aerodynamical, functions. 
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different, according as to whether the inertia forces (large R) or the viscosity 
forces (small R) predominate. Many birds have a Reynolds number considerably 
above 100,000. (Buzzard about 250,000, Dove and Frigate Bird about 300,000, 
Peregrine up to 550,000.) These figures are not so far below those of our modern 
aeroplanes (about 1,000,000) ; consequently, bird-wings can very well be com- 
pared with lifting surfaces of aeroplanes, as regards form, profile and surface 
conditions. (See Fig. 2a.) 

For most insects, however, it is quite another matter. In this case a Certain 
difficulty is caused by the high frequency of wing-beats, as this causes the airflow 
to vary considerably over different portions of the wing surface. Average values 
of Reynolds number are: Cabbage Butterfly, 500; Bumble-bee, 4,000; Dragonfly, 
6,000. At such small Reynolds numbers, it is doubtful whether -an air circulation 
round the wing, such as is assumed in the theory of lifting surfaces, can be set 
up. We know that, with Reynolds numbers in the usual aerodynamical range, 
this ideal airflow can be utilised as an approximation for the actual flow, because, 


7mm. 


FIG. 3. 
Spoiler’’ devices in insect wings. 
(a) Section of the leading edge of a dragonfly’s wing (Calopteryzx) 
with two rows of teeth. 
(b) Section of the corresponding region of a mosquito’s wing 
(Tipula), with bristles on all sides of the leading edge. 
(c) Wing of a gall-fly (Oligarces) with hairy edge. 
(All the above are enlarged by approximately the same amount.) 


owing to the turbulent boundary layer, the airflow does in fact adhere to the 
wing right up to the trailing edge. At low Reynolds numbers, however, the flow 
will generally be laminar. With a laminar boundary layer, owing to the loss of 
energy caused by inner friction, a back-flow is easily set up, which detaches the 
air-stream from the wing, with corresponding loss of lift. This phenomenon can, 
however, be checked by adopting some device to create turbulence in the boundary 
laver (e.g., a thin wire in front of, or above, the leading edge), because the 


4 The conception of the boundary layer was originated by L. Prandtl and rests on the 
assumption that viscosity forces only come into play in the immediate neighbourhood 
of walls, whereas in the open air one can count upon an ideal non-turbulent flow. 
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exchange of particles thereby engendered, across the line of flow of the layers 
near the wall, sets up an impetus which counteracts back-flow. 

From this point of view, one might suppose that insects also have devices to 
create artificial turbulence in an air-stream which would otherwise be laminar. 
And in fact, when examining insect wings under the microscope, one frequently 
finds—especially on the leading edge—bristles, teeth, or similar formations, which 
are adapted to this end. (Fig. 3.) Extreme hairiness is not surprising when it 
extends over the whole body, and therefore may be considered to have a protective 
function for the wing as well. In other cases, however (e.g., the Oligarces), 
the bristles on the edge of the wing are confined to that portion which acts as an 
effective lifting surface: here it is highly questionable whether the bristles serve 
any purpose except the aerodynamic one which we have assumed. The fact, 
too, that an insect’s wing is a thin plate which frequently is strengthened at 
the base by one or more changes in angle, is necessarily without advantage to 
airflow at low Reynolds numbers. 

A second group of aerodynamical problems concerns the flapping motion of 
wings, and the fact that the flow round the wing is unstable. The theory of 
unstable lifting surfaces (which we must consult, to get a theoretical insight into 
the question), shows that the physical processes in this case are distin- 
guished by a new parameter v, the reduced frequency. The formula 
v=ns/v is derived from the frequency n of the wing-beat, the semi-span s, 
and the speed of flow, v.( For the conditions over the wing-section, the 
reduced frequency containing the semi-chord 1/2 is characteristic. When v=o 
the movement is stable, but as v increases, the influence of the periodic eddies 
due to the alteration in circulation, and of the mass acceleration of air, becomes 
perceptible. When v is small (approximately 0.1 to 0.2) the unstable influences 
can be neglected, and one can assume that at each moment approximately the 
same conditions of flow are in force as would be found in the case of stable flow. 

The reduced frequencies found in medium and large birds during horizontal 
flight are (according to the data at our disposal) in the neighbourhood of o.1. 
(Peregrine, about 0.06; Dove, about 0.08; Crow, about 0.11; Partridge, about 
0.12.)(7) This might lead us to develop a theory of quasi-stable flow. A 
similar theory is presented below, for the case of a simple movement (in which 
the wing moves up and down as a whole). However, in many insects and small 
birds, and in larger birds when starting off and settling, the reduced frequency 
appears to be considerably larger. In the extreme case of hovering, during 
which the wings are chiefly moved in an approximately horizontal plane 
(humming-birds and many types of insect), we might be led to develop a theory 
approaching that of the helicopter; but we will not deal further with this point 
in the present article. : 


From the cinematographic and technical aspect, good high-speed films, taken 
in natural conditions as well as in a variety of experimental conditions, are 
indispensable. 

The experimental investigation of animal flying mechanisms is admittedly 
hampered by the fact that we are dealing with living organisms which react 
against any kind of compulsion by a disturbance or alteration of their functions. 
This prevents us from obtaining many necessary measurements, both in the wind 
tunnel and of flight performance. This fact has induced one of us (Von Holst) 
to construct ornithopter models, based on his experiments during many years 


5 c.f. H. G. Kuessner. Luftfahrtforschung, V, XIII, p. 410 (1936), V, XVII, p. 370 (1940). 
6 T/v=X/s signifies the wave-length in relation to the semi-span s. 


’ There are, of course, numerous measurements of speed and frequency of beat, but unfor- 
tunately no accompanying data concerning reduced frequency, which makes the figures 
quoted somewhat unreliable. 


44 ERICH VON IIOLST AND DIETRICH KUCHEMANN. 


both with flying creatures and with wings actuated by various mechanical devices 
(some of them quite novel). These models, in all essential particulars, imitate 
the different kinds of flying creatures. As we are about to show, measurements 
made with these models are simpler and more accurate, since we have all essential 
causal factors to hand. : 


IV. 


To obtain a more precise insight into the conditions found in flapping flight, 
we have developed, as a basis for discussion, the theory of quasi-stable flow 
arising from a simplified movement of the wing. The wing is assumed to swing 
up and down as a whole, so that the movement is the same throughout the whole 
section. 

In a stationary system of co-ordinates (x axis horizontal, positive forwards; 
z-axis vertical, positive upwards; scale length=semi-span s; 2/s=£, z/8s=Q), 
the movement of a point of the mean chord follows the course :— 

C (€)=a cos 
where a=the amplitude of the beat (measured over the semi-span), and v=ns/v 
(where n=frequency of the beat, v=constant speed) represents the reduced 
frequency, which (as stated above) we assume to be small. Further, the angle 
of attack « of the wing relative to the momentary direction of the airflow, is 
periodically altered around a mean value «,, with the amplitude z,, so that :— 
a +4, Cos (2zvE—9@). 

In this- formula we admit a difference of phase @ between the wing-beat and 
the oscillation of angle of attack, the optimum of which we will determine later. 
We can now determine the forces arising from this movement. As a unit of 
forces we usually select (p/2) v?, where p is the density of the medium and F 
the wing area. 

For the force perpendicular to the momentary direction of the airflow (lift c,), 
according to Prandtl’s theory of lifting surfaces and assuming an elliptical 
distribution of lift along the span (which does not represent any important 
restriction), we have a linear connection with the angle of attack :— 

(f)=c’, (€) 
with 


27 


c’,=dc, /dx =————-~ = const. 

a a (1+ 2 A) 
where A represents the aspect ratio 4s*/F of the wing. The air force in the 
direction of the momentary airflow (drag c,,) is composed of the induced drag 
Cy; Which varies as the square of c,, and the profile drag c¢,,,, which is reckoned 
independently of the angle of attack; altogether :-— 
wp: 


Cy 


We are particularly interested, first of all, in the components of the vertical (c,) 
and horizontal (c,) air forces. We designate as :— 


y (€)= — = sin avé 


the angle between the air striking the wing and the horizontal forces at each 
point €, which we have assumed to be small, so that sin y ~ y and cosy ~ 1. 


We have then the following relation between c,, c, and c,, cy 
Cg—Ca+Cy 


Cy=—C,-Y+Cw 


8 Vertical forces are positive upwards, horizontal forces positive backwards. This gives a 
thrust with a negative sign. 
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enabling us to determine the horizontal and vertical forces at each point of the 
track. We now reckon their mean value over one frequency of the beat :— 
I 


and correspondingly :— 


9 

)(14+ — + Cwp 

wl. 


where (Cyp=Cao"/aA) is the induced drag which the wing would have, if the 
airflow over it were stable at the angle x. This comparison shows that the 
mean vertical force ¢, is not altered during the beat, and that we have, in fact, 
apart from an additional induced drag (oscillation drag) 


(which, incidentally, is just half as large as the drag appertaining to a stationary 
flow at «,); another force acting in a forward direction—the oscillation thrust :— 


sing .vd. 
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aye 
Fic. 4. 
Thrust efficiency of a wing swinging up and down as a whole. 


To increase this as much as possible, first of all @ must equal z/2. The 
oscillation of the angle of attack must follow the wing-beat by a period of —, 
as is immediately obvious. Further, one sees the need for altering the angle 
of attack, as at 1,=o we have no average thrust. The thrust increases with 
the amplitude of the beat va’ (°) and with increasing angle of attack a, There is, 
however, an upper limit to both; v is limited by the assumptions of the quasi- 
stable theory, a in practice by constructional considerations, and «a, by the 
condition that the maximum angle of attack «,+%, must not lead to a breakaway 
of the airflow. : 

Since the drag arising simultaneously with the beat increases as the square 
of a,, it will be advisable to consider what values of beat and angle of attack 
give the best results. We consequently define a degree of thrust efficiency :— 


drag during the beat | I \ 
1~!~ thrust during the beat — { a (A +2) }-{ va 


: va=as |X is the amplitude of the beat, based on the frequency X. 
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This (for €,=0) is at the same time the ratio between the performance, which 
we must include, so as to offset the stationary component of drag Cyio+Cwp, and 
the performance which we are actually using, and which surpasses the first 
quantity by: best resistance + flying speed. 

According to this formula, the thrust efficiency increases as the amplitude of 
the beat va, and inversely as the angie of attack (see Fig. 4). A higher aspect 
ratio also improves yn. Apart from “the very small amplitude of beat va=o.o1, 
we find values which approach those of propeller thrust in aircraft construction. 
Whether the extraordinarily high efficiency at small angles of attack «, can be 
turned to practical use, depends upon whether the thrust thereby created 
é, (= beat thrust + beat drag). 

is sufficient to overcome the given stationary drag. To give a quicker insight 
into this problem, we have plotted (Fig. 5) the thrust ¢, against «,, for different 
values of v,. (For an aeroplane, including fuselage and undercarriage, the drag 
é,, which must be overcome in horizontal flight is in the neighbourhood of 0.05.) 
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Fia. 5. 
The coefficients of thrust ¢, attained by the wing swinging 
up and down as a whole. 


So as to clarify the position for future use, a few specific examples are given. 
For any given wing, we have three mutually independent free parameters: the 
mean angle of attack a, (or the corresponding c,,); the amplitude of the angle 
of attack «, and the amplitude of beat'v,. A simple movement would be one in 
which the angle of attack did not alter (z=¢,=const.; «,=0) (the angle of 
attack which vitally concerns the air forces is that in relation to the momentary 
direction of airflow, with which we are. solely dealing at the moment, not that 
in relation to the horizontal). We have then the same lift at each point of the 
beat, whilst the thrust that arises during the downstroke is counterbalanced 
by the backward thrust corresponding to the upstroke (Fig. 6a). We have 
another limiting case, if «=o and therefore a, is not zero. In this case the 
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Fic. 6a. Fic. 6b. 
Bahn=trajectory. 
Anstellwinkel=angle of attack. 
Auftrieb =lift. 

Schub=thrust 
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@ = 0,2; 0,033; = 3,75°; = 11,25°; = 0,2; va = 0,033; = % = 75° 
C, = 0,34; C, = — 0,09; 7 = 0,84. C, = 0,68; c, = — 0,064; 97 = 0,90. 
FIG. 6c. Fic. 6d. 


Bahn= trajectory. 
Anstellwinkel=angle of attack. 
Auftrieb =lift. 
Schub=thrust. 
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lift arising during the downstroke is off-set by the corresponding negative lift 
on the upstroke. On the other hand, during both phases of the movement, we 
have a thrust in the same direction, which, however, fluctuates periodically in 
value (Fig. 6b, full curves). Between these extremes, many intermediate forms 
can be imagined. Starting from Fig. 6b, we have, at small average angles of 
attack, an average lift (Fig. 6c) differing little from zero. Fig. 6d represents 
the particular case (to which we will return later) where there is no negative 
lift, but thrust and lift are temporarily nil on the upstroke. In Fig. 6e we 
approach case (a); we have, it is true, less fluctuation in lift, corresponding to 
the smaller variation in angle of attack. The dotted curves added here show 
how the situation changes if the variation in angle of attack does not follow 
the beat at </2 but precedes it, a case to which we will return later. 


Bahn 
— 
sf 5 6 
{~ Anstellwinkel 
Auftrieb 
tor 
aot 
& %F 
1 j 
a4} Schub 
0 7 T j 
= 3.75°: = 1,03; = — 0,034; n = 0,95. a= 155 
gp=—2/2; va = 0,033; = 11,25°; 
= 3,75°; €, = 1,03; ¢, = 0,034; 9 = 0,95. 
Fic. 6e. 6f. 


Bahn=trajectory. 
Anstellwinkel=angle of attack. 
Auftrieb =lift. 
Scheb=thrust. 


We have hitherto assumed that both the beat and the variation in angle of 
attack follow a true sinus curve. It will now be briefly demonstrated that the 
general validity of the application of what we have stated is not affected by 
this point. This is shown by the fact that we can analyse arbitrary curves in 
harmonic oscillations. In the case of a curve ((€) of non-sinus form, our 
statement that no thrust can develop without an alteration in the angle of attack, 
can easily be proved in. another way. We merely assume that ¢(£) is a 
periodical function (with the period A/s=1/v) 

(E)=E (Got 1/0). 
Taking «=a, as a constant, we have also the constants c,=c,. and Cy. The 
average thrust :— 


é,=v]c, (€) d€ 


£5 
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is then, since (€)=—Cao- y (€)+Cwo and y (€)= —df/dé equal to:— 
Cy =CaoV [¢ (E+ 1/v) | + Cwo=Cwo ° 
Fig. 6f illustrates a movement of this type. 
The case of the non-sinus oscillation of angle of attack can also be treated by 
the method given. Fig. 6b (dotted curves) is an example of this. 
We also assumed a constant speed of airflow. If this speed fluctuates around 
a mean value v,, according to the formula :— 


v (E)=v,+ Av (§)= 


by the small increment Av, then, in accordance with Prandtl’s theory of lifting 
surfaces, it can easily be shown that this change in speed Av corresponds with 
an alteration in the angle of attack :— 


agreeing with our former considerations. 

Thus we could obtain, in the case of a constant angle of attack x=4,, a thrust 
which does not average zero. 

So far we have not dealt in detail with the third parameter, the amplitude of 
beat. The main difference between a bird’s wing-beat and the one with which 
we have been dealing is that the wing is hinged to the body, so that the beat 
amplitude increases from the root towards the wing-tips. One could therefore 
carry the theory a step further, making a depend upon the co-ordinate y in the 
direction of the span. This type of movement, in comparison with that just 
theoretically treated, has several unimportant drawbacks, but definite practical 
advantages. The chief drawback is that the distribution of lift is no longer 
elliptical, which leads to an increase in induced drag. One could, however, 
imagine a movement in which the increasing beat amplitude is accompanied by 
such a decrease in the angle of attack, that the elliptical distribution of lift is 
preserved. This kind of movement, however, shares one decisive disadvantage 
with the plate that swings up and down as a whole; the large fluctuation 
of the vertical force in the course of a beat. This fluctuation must lead 
to a shifting up and down of the centre of gravity, which increases (other things 
being equal) as the frequency of the beat decreases. In considering the case 
of large birds with slow wing-beats, one cannot observe any noticeable vertical 
pendulum movement of the body (in horizontal flight); only very long-winged 
types with light wing-loading (e¢.g., sea-swallows) show this movement to a 
perceptible, though not very marked extent. 

The compensation of this vertical movement is possible, particularly with a 
flapping motion such as that of birds’ wings, by virtue of the fact that different 
wing-sections have different amplitudes of beat, and are therefore able to fulfil 
different functions. The way in which this is made possible will be explained 
in the next section, dealing with flying models. 

We do not discuss in detail the evolution of ornithopter models. So far as 
we know, no one has essentially improved upon the very early experiments of 
Pénaud, who, about 1870, obtained flights (with a movement that might be 
described as fluttering) with a small model having elastic wings worked by a 
rubber-driven motor and simple shaft gear. The main difficulties in obtaining 
a true-to-life reproduction of the movement are, firstly, to obtain the proper 
combination of wing-beat and turning movement; secondly, to achieve the not 
less important, but apparently always neglected, correct distribution of forces— 
the crankshaft, almost always used, is unsuitable for this purpose (see Fig. 7); 
and lastly, to create a stable attitude of flight. To describe in detail how these 
three difficulties were overcome, in the flying models we built, would take too 
long. The following general statements must suffice. 
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As regards the wing movement itself, the amplitude of beat, alteration of angle 
of attack, and warping of the surface along the span, are variable and adjustable 
at will. The distribution of forces during the phase of a beat is also variable 
within wide limits; while the ratio of forces between the up and down stroke, 
which is very variable even in the individual flying species, can also be adjusted. 
A differential gear prevents .the lessening tension of the rubber motor in the 
course of the wing-beat from affecting the motion of flight; the wing-beats can 
be carried out, as we desire, with force that remains constant, or that increases 
or lessens, either suddenly or gradually. The flying models can easily be started 
from ground level, and will climb at an angle of over 45°; many of them even 
hover temporarily in one spot. For the models we have so far built (measuring 
from 0.3 to 2.2 metres in span), the duration of flight is from 20 to 60 seconds ; 
the power flight is followed by a glide. 


Autschlag 


Kratt 


Weg 


Fic. 7. 
Abschlag =downstroke. 
Aufschlag=upstroke. 
Kraft =force. 
Veg=track. 
Curve showing the force exercised by the motor on the 
wing during an oscillation of the model used as an 
example (c.f., Fig. 9). For comparison, the distribution 
of forces with a crankshaft is shown as a dotted curve. 


Stability is, as a rule, above expectation, even for all-wing models and in highly 
turbulent air. We would mention that we decided at first merely to prove the 
possibility of reproducing animal flight. We have so far studied the flight of 
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medium-sized to large birds, bats, flying saurians,@°) dragonflies, and the larger 
butterflies. We have not yet attempted to reproduce exactly the flight of any 
particular animal, but, on the grounds we have mentioned, we believe this could 
be done without any particular difficulty.@) 

For our purpose at the moment—to prove the existence of the new method— 
it will suffice to give particulars of a single experiment and call attention to 
several noteworthy points arising from it. 

Fig. 8 shows the curves of a flight-path registered by cinematograph, showing 
how the model, without any imparted initial speed, makes a ‘‘ jump-start ’’ from 
the floor. The middle region of the curve gives a typical picture of this kind 
of flight. The centre of gravity first of all performs a certain weak periodic 


' 
Fligelspitze 
A 
} \ 
/ Schwerpunkt 
2 J 6 
Fic. 8: 


Movement in space of the centre of gravity and the wing-tips (x-axis 
forwards, z-axis upwards, 8s=semi-span) at the start of the model used 
as an caample. Time interval between each point=3/80 sec. (From a 
strip of film taken at the speed of 80 pictures per sec.) 
Schwerpunkt=centre of gravity. 
Fligelspitze = wing-tips. 


movement, perpendicular to the general direction of the trajectory. (It is worth 
mentioning that in horizontal flight, as in the case of birds, this pendulum motion 
almost disappears.) Secondly, we see periodical fluctuations in speed, the extent 
of which is clearly shown by the points of the curve registered at equal time- 
intervals; a steeper flight path is accompanied by a rise in speed. We do not 
here attempt to draw conclusions, from the movement of the centre of gravity, 
concerning the effective air forces. We only make brief mention, too, of the 
striking fact that the gain in height and speed to be expected on the downstroke 


10 We will deal elsewhere with the flying technique of pterodactyls and its special and 
interesting problems, on the basis of exhaustive model experiments. Here, we will only 
mention that one can even reproduce in a model the device (typical of this animal) by 
which flight took place with the help of an elastic skin, under tension only at the 
leading edge (the greatly lengthened fourth finger taking the place of a turn-buckle). 

11 Several models have been demonstrated in public, e.g., at the National Competition for 
Indoor Flying Models organised by the National Socialist Flying Corps at Breslau 
(1940), where they obtained prizes; also before the Lilienthal-Gesellschaft fiir Luft- 
fahrtforschung in Berlin, on the occasion of Von Holst’s lecture to the Society (Jan. 
29th, 1941). The performances of the models shown at Breslau are described by 
W. Haas (Luftfahrt und Schule, 6, 22 (1940) ); in the same magazine is an article by 
Von Holst on this subject; another by H. Winkler (Modellflug 6, 7, 1940), reproduces 
films of the Breslau models. 
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only becomes apparent with a considerable time-lag—in fact, during the upstroke! 
With the distribution of forces on the upstroke and downstroke shown in Fig. 8 
the average speed of both phases of the motion (as often happens with birds) is 
approximately the same. There is, however, a slight but perceptible delay at 
the upper transition point of the wing-beat; the model stays a trifle longer in 
the stable flying attitude with raised wings, than in the unstable attitude with 
lowered wings. 


The following table gives, in addition to certain general particulars of the 
model, calculated data for the mean trajectory of the curve in Fig. 8 :— 


Wing area, F .. 0.07 m.?. 
Wing loading, G/F... o.1 kg./m.?. 
Engine performance, N 0.00035 h.p. 
Power loading, G/N... 20 kg./h.p. 
Angle of beat ... 60°. 
Average frequency, n ... 227 
Average speed of the centre a grav wity, Vs 1.8 m./sec. 
Average speed of the wing-tips ... 3 m./sec. 
% at the wing-root ==15°. 

a, at the wing-tip 

Average coefficient of lift, @, at 0.49. 
Average coefficient of drag, 0.37. 
Average coefficient of thrust, ... 0.52. 
Reduced frequency, v=ns/v, 0.6. 
Reynolds number, Re=pv,F ... 


Owing to its lesser weight, a flying model has a wing loading of a lower 
order, in comparison with that of a bird of corresponding size. Consequently 
the average speed at the centre of gravity is also considerably less. As the 
frequency of beat is not correspondingly lessened, the reduced frequency is 
relatively high. We propose to construct ornithopter models in which the wing 
loading, speed—and- hence Reynolds number—as well as the reduced frequency, 
coincide as nearly as possible with those of the flying creatures they represent. 


The power loading appears extraordinarily high, as compared with the values 
usually found in aircraft (from 2 to 8 hg./h.p.). One should note, however, that 
this valiie depends upon the absolute size. If we designate the ratio of the linear 
dimensions of two aeroplanes under consideration as :— 


r= / 
then it is usually assumed that the weights are in the proportion z*. In our 
case, however, the weight of the model is so small that we would have to reckon 
G as varying at least as the fifth power of the longitudinal dimensions. If we 
suppose that the air forces are comparable in both cases, it can be shown (by 
the mechanics of similarity) that in our case the power loading should be in a 
ratio of x2~*/?,02) Consequently, starting from the model, we arrive at an aero- 
plane with a power loading of less than 1 kg./h.p.; this means that the model, 
in proportion to its weight, has an extraordinarily powerful motor. From this 
consideration it also results that flying machines, like flying animals, so long as 
the air forces remain the same, by a reduction in their absolute size, can obtain 
the same performance with an engine that is weaker in proportion to their weight. 


12 Tf we assume that the weights are in a ratio of x°, the power loadings alter in the ratio 
*71/2, 
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The laws of mechanical similarity, mentioned above, are also useful in other 
cases. They enable us to apply to the analysis of animal flight data derived 
from aircraft construction, and, on the other hand, to compare different types 
of flying creatures with one another. 

The comparatively rectilinear movement of the centre of gravity, in spite of 
the lesser weight and slow frequency of beat, leads ‘us to conclude that the 
vertical force fluctuates very little in the course of a beat. This brings us to 
the problem of the specialisation of functions along the span. 

Lilienthal@5) had already deduced that in birds the regions near the wing-root 
are principally concerned with giving steady lift, while the wing-tips mainly 
produce thrust. Although on this point our own method of estimation has not 
yet reached the desired accuracy,4) we do in fact see in our example that the 
wing-root region acts with a smaller amplitude of beat and a higher mean angle 
of attack, while the wing-tips have a higher beat amplitude and a smaller mean 
angle of attack. 

In the case under discussion, the ratios of angle of attack correspond qualita- 
tively to the wing-root curves of Fig. 6e (dotted lines) and to the wing-tip curves 
of Fig. 6c. It follows, therefore, that the outer regions of the wing receive 
airflow from above, during the stroke, giving thrust but also negative lift.) 
This negative lift is, however, partly off-set by an additional lift in the wing-root 
zones. 

Between the wing-tips and the body there will now be a wing section at which 
the airflow at the angle of attack is exactly nil (Fig. 6d); during the upstroke 
this shifts first inwards along the wing and then back again. During the down- 
stroke we have lift and thrust at all points of the span; again, the thrust is 
principally created by the wing-tip, as this has the largest amplitude of beat. 

The example given here represents an average case, in so far as the parts 
of the wing which receive a negative lift during the upstroke may either be 
increased or may diminish to the point of disappearing. In the former case we 
approach fluttering flight, in the extreme development of which—hovering— 
the entire surface is receiving alternately positive and negative lift; in the 
second, we reach a type of flight which is probably attained by many birds (and 
certainly by the ring-dove) in fast horizontal flight. We still lack definite 
conclusions on this point. 

The given coefficients of air forces é,, G, and ¢@,, are not obtained from a 
quasi-stable theory, in the sense given above, but from the conditions of 
equilibrium for stable climbing flight. If y, is the mean angle of climb, the 
average lift A must counterbalance the component of weight G cos y,; and at 
the same time the average thrust S must be equal to the average drag W plus 
the component of weight G sin y, :— 

A=G cos yo 
S=G sin W. 

In these equations G and y, are known quantities, except for S, which can 
be calculated from the engine output N (in h.p.) and the mean centre of gravity 
speed 1, :— 

S=75 /v,. 
We assume in our reckoning a degree of efficiency » of 0.5, as gear losses, 


etc., must be taken into consideration. In this way we obtain A, W and S, 


13 Lilienthal. Der Vogelflug als Grundlager der Fliegekunst. (3rd Ed.), Munich and 
Berlin, 1939. 

M4 Since, in the models so far made by us, the mechanically produced wing-movement is still 
modified by its elasticity, a completely accurate verification of the course of the 
movement is only possible by means of very clear high-speed films. 

15 Tn this connection we would point out that this is only valid for the theoretical case 
‘in which the identical movement takes place at each point of the span. For a 
quantitative statement one must, in our case, take into consideration the reciprocal 
influence of individual wing-sections carrying out different movements. 
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and from them their coefficients. The drag and thrust coefficients are extremely 
high. This is accounted for, amongst other things, by the steepness of the 
trajectory (the angle.of climb is considerably greater at every point than had 
been assumed in the quasi-stable theory), whereby a not inconsiderable component 
of the lift, projected on the mean trajectory, appears partly as drag, partly as 
thrust. We would point out that a rough estimation by means of the quasi- 
stable theory, leads to similarly high values. For example, Fig. 9 shows a 
short portion of the flight of another model, climbing at an angle of 40°. The 
still steeper trajectory (approaching hovering flight) with a reduced frequency 
v=0.9, gives still larger coefficients ¢,=1.2, Gy=1.1, €,=2.4. All these 
coefficients are based on the average speed of the centre of gravity. 


2 


flugelspitze Schwerpunkt 


Fig. 9. 


Movement in space of the centre of gravity and the 
wing-tips during the climbing flight of another model. 
Details as in Fig. 8. 
Schwerpunkt=centre of gravity. 
Fligelspitze = wing-tips. 


VI. 


Since the wing has to carry out a strictly regulated revolution around its 
longitudinal axis, the first question that arises is how the consequent turning 
moments around the lateral axis of the bird or flying model will be compensated. 
In the case of the larger flying creatures—or at least those with slowly-beating 
wings—there are in principle two possibilities. Either there is a separate surface 
at the back, apart from the wing, such as the tail of a bird or the disk of skin 
found in certain flying saurians with long, lizard-like tails (Fig. 1oa-c); or the 
back middle region of the wing surface itself fulfils the stabilising function, as 
in the bat, in another type of flying saurian, and in certain larger butterflies 
(Fig. 1od-f). Our experiments have so far shown that in this second type the 
back portions of the wing certainly share in the up-and-down movement, but 
do not, of course, participate in the moment around the longitudinal axis of the 
wing. 

Further, it appeared that, in the flying model, the size of this surface could 
not fall below a certain minimum without affecting the lateral stability (in the 
all-wing model, for example, after the back portion of the wing had been reduced 
by one-third, stable flight was no longer possible). In flying creatures, on the 
other hand, this region could be considerably reduced (as in many bats and 
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probably also in flying eave 5 A bird can still fly, even when it has completely 
lost its tail. In this respect, living creatures are distinctly superior, since they 
can achieve a stable attitude of flight by continual reflex corrections. Of the 
means they use, we can mention several; how they actually do it can only be 
accurately determined by means of good cinematograph records. (16 

The mass of the body acts to some extent in compensating the turning move- 
ment around the lateral axis. In long-necked and long-legged birds, a certain 
effect may be obtained by stretching their neck and legs out, away from the 
centre of gravity (Fig. 10b). When, for lack of adequate airflow, the tail 
surfaces can hardly play any part, the centre of gravity is (at least in the case 
of birds with slow wing-beats) placed as low as possible (Fig. 1b). In many 
hovering insects, the stabilising surface is altogether lacking. From this point 
of view, the flight of dragonflies is worthy of special attention. As-.is known, 
they are able to use their two pairs of wings in opposite directions (i.e., out of 
phase). The advantage of this is that the difference in functioning on the 
upstroke and downstroke is steadily compensated, as both movements take place 
simultaneously by the different pairs of wings. Thus, in contrast with the flight 
of birds, bats, etc., the centre of gravity can follow a rectilinear trajectory at 
an almost constant speed. The disadvantage is that a considerable turning 


a 
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10. 
Position of the stabilising surfaces (shaded) in various flying animals. 
(a) and (b) birds; (c) flying saurian (Ramphorhynchus type); 
(d) butterfly; (e) bat; (f) flying saurian (Pteranodon type). 


moment around the lateral axis results from the difference in the centre of 
pressure of the two pairs of wings in the plane of the longitudinal axis (see 
Fig. 11a). Dragonflies counter this, firstly by the extreme length of their bodies 
—the typically long, thin dragonfly body is undoubtedly a correlative of its 
method of flight—and secondly, as it appears, by keeping up a relatively high 
frequency of beat. With small air forces required, evidently the amplitude, and 
not, as is usual, the frequency of the beat, will be diminished with advantage. 

It is much easier to reproduce dragonfly flight than bird flight by means of 
models. The relatively slow frequency of beat of the models which we have 
hitherto built (span not less than 30 cm.) obviously requires, as an additional 
compensating moment, the adoption of a tail plane. This turning moment can 
be very much lessened by giving the wing a marked sweepback (Fig. 11b). In 
this case stable flight is quite possible (if the beat frequency is not too low) even 
without an additional surface, as with the dragonfly itself. In larger construc- 


16 K. Lorenz describes how a tailless buzzard is clearly handicapped (by stabilising back- 
and-forth wing movements): tailless crows, on the other hand, can fly without being 
visibly affected. 
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tions, however, a certain moment around the vertical axis makes it necessary 
to add a vertical stabilising surface, whilst a further horizontal surface increases 
the safety of flight.(7) 

This short account of what we have so far achieved with ornithopter models 
shows that we have created a definite point of departure for exact measurements. 
A radical further development of the models for the particular purposes of 
measurement is, however, necessary. In combination with a theory that has 
still to be developed, it would then be possible to determine the influence of 
details of the wing movement; the part played by absolute size, wing-shape and 
wing-loading, together with the reduced frequency and the Reynolds number; 
the influence of the distribution of forces; the reciprocal effect of several surfaces 
(slots, flaps, the double wings of dragonflies and grasshoppers, etc.) ; the various 
possibilities of steering, stabilising, and many other points. This would give 
the necessary exact basis for a future development of the technique of muscular 
flight—a possibility which can to-day be neither proved nor disproved. 


Fic. 11. 


(a) Dragonfly; (b) and (c) flying models built on the dragonfly 
principle. In (b) the wings alternate as in the dragonfly’s flight; 
in (c) they alternate crosswise. The crosses show the varying 
positions of the centre of pressure. (d) Sketches of two typical 
positions of the model (c) during flight (taken from cinematograph 
records); the small arrows show the direction of the wing-beat. 


17 A flying model of this type, 0.5 m. in span, at the Breslau Competition, made a flight of 
44 seconds duration, rising from 6 to 7 metres above its point of departure. 
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REVIEWS. 


AIRCRAFT INSTRUMENTS. 
By G. E. Irvin. McGraw Hill Book Co. 1941. 35/-. 


Here is a book written primarily for the student, but of equal interest to the 
- mechanic and the ground engineer; in fact, to all who are engaged in the prac- 
tical handling of aircraft instruments. |The author—who is President of the 
Irvin Aircraft Instrument Schools and Irvin Aircraft Mechanics Association— 
never loses sight of his readers’ limitations, yet one feels that he is writing with 
a shrewd eye on some Examining Board in the background. As he somewhat 
naively remarks: ‘* The student need not be concerned with this type of barometer 
other than to be able to talk intelligently about it.’’ 
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The student who has read this book will be able to ‘‘ talk intelligently ’’ about 
the whole range of instruments found in modern aircraft: pressure gauges of 
various types; tachometers; fuel gauges; navigation instruments (including the 
octant and the sextant); and all flight instruments (including the gyro pilot). 
Furthermore, he should have a clear idea of their component parts and the process 
of assembling, mounting and dismantling them. Excellent, and quite unusual, 
are the ‘‘ sequence ’’ diagrams showing how to take apart a tachometer and an 
altimeter. Most useful, too, are the tables setting out possible defects, with 
their causes and remedies. 

The conciuding chapters give useful information on Anti-Vibration Mounting, 
Vacuum Pumps; the fabrication and installation of Tubing. 

Paper, printing and illustrations are of the super-excellent quality to which one 
is accustomed in American books, with the inevitable, but unfortunate, result of 
setting the price beyond the reach of the class of reader for whom it is written. 
Nevertheless, firms who wish to see their staffs are mentally well equipped should 
buy this book for them. 


A.B.C. oF THE R.A.F. 
Edited by Sir John Hammerton. Enlarged edition. Amalgamated Press. 
1942. 2/6 net. 

Air Chief Marshal Sir Charles Portal says in his preface: ‘‘ This book is an 
up-to-date guide to the varied and numerous activities of the R.A.F. It is full 
of accurate information.”’ 

Those words, indeed, are a sufficient reyiew in themselves of a work which 
has managed to cram the proverbial quart into a pint pot with remarkable 
efficiency. 

‘* A.B.C. of the R.A.F.’’ is divided into four main sections: (1) The R.A.F. 
to-day; (2) Elements of Flying; (3) Special Training and Equipment; and 
(4) Elements of Air Fighting. 

Section 1 covers the organisation of the R.A.F., the conditions of entry, trade 
groups and their pay, apprentices, training of recruits, biographies of the leaders 
of the R.A.F., the W.A.A.F.s, the Royal Observer Corps, the Air Training 
Corps and Dominion Air Forces. 

Section 2 deals with the elements of flying, the principal types of aircraft 
employed by the R.A.F., aeroplane and aero engine construction, navigation 
and signalling and meteorology. , 

The third section covers special training and equipment, photography, 
armament, parachutes, balloon barrage, ground staff work, parachute troops. 
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The final section deals with elements of air fighting, formation flying, briefing 
bomber crews and ends with a summary of the achievements of the R.A.F. in 
the first two years of the war. 

There are over 150 pages in the book, each packed tightly with information. 
At something less than a fifth of a penny per page, anyone who buys ‘“‘ A.B.C., 
of the R.A.F.’’ will make a better investment than he can in most other ways 
at present. 


ANGLO-PoLIsH TRANSLATION OF WorKSHOP TERMS. 

Compiled by W. Bastyr and E. Paszkowski. Association of Polish 

Engineers in Great Britain. 1941. 3/-. 

This small book, intended primarily for Polish workmen in English factories, 

will avert many time-wasting misunderstandings, as each of the variety of tools 
listed under 34 headings is identified by a very clear diagram. From this. point 
of view, English apprentice mechanics and technical translators will also find 
it useful. We are not in a position to vouch for the accuracy of the Polish, but 
the fact that there are only three minor printing errors in the English equivalents 
suggests that the book has been compiled with considerable care. An aeronautical 
glossary on similar lines would undoubtedly be of interest at the present time. 


AiR NAVIGATION: SOME PROBLEMS AND THEIR SOLUTION. 
By M. J. Hearley. Longmans, Green and Co. 1942. 5/-. 

It is not quite clear from the Introduction whether this book is intended as a 
‘* brush-up ’’ course for a practising navigator, or an introduction to the subject 
for an air cadet. The contents are evidently based on the pre-war syllabus for 
the 2nd Class Navigator’s licence, but the style suggests that the reader is 
presumed to be embarking on the subject for the first time and with no back- 
ground of mathematics or trigonometry. The book is divided into 37 chapters 
(entitled ‘‘ Lessons ’’), each dealing with a separate problem, illustrated by a 
very clear diagram, and ending with one or two exercises, answers to which are 
given at the end of the book. All these problems are suitable for working out 
on actual maps, and are of a practical nature; the author clearly understands 
that a young reader is far more interested in a fighter aeroplane flying from 
Edinburgh to Sheffield to intercept an enemy bomber, than in the conventional 
aircraft flying from point A to intercept another aircraft at point B. 
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